Abstract: Around 4 million children undergo inpatient surgery in the United States each year, however little is known about the impact of surgery and postoperative pain on children's health-related quality of life (HRQOL) during the weeks and months after surgery. We measured pain and HRQOL in a large, heterogeneous pediatric postsurgical population from baseline to 1-month follow-up. Over a 20-month period, parents of 915 children age 2 to 18 years (mean = 9.6 years), 50% male, 56% white, admitted to surgical services at a children's hospital enrolled in the study. Parent participants reported on sociodemographics, child HRQOL, and pain characteristics at baseline and 1 month after discharge. Although most of the children recovered to baseline by 1 month after hospital discharge, 23% of children had a significant decline in HRQOL. Logistic regression analyses found that increasing child age (odds ratio = 2.1 for age 13-18 years) and the presence of moderate-severe postsurgical pain at 1 month (odds ratio = 5.7) were significantly associated with deterioration in HRQOL from baseline to 1-month follow-up (P < .05 for each variable). Although HRQOL returns to the baseline level for most children, a sizeable proportion have significant deterioration in HRQOL associated with continued postsurgical pain at 1 month after hospital discharge from surgery.
A round 4 million children undergo surgery in the United States each year. 6, 25 Despite the common occurrence of surgery, little is known about the impact of surgery on children's health outcomes at home after hospital discharge. Specifically, there are a lack of data on patient-centered outcomes after hospital discharge in broad pediatric postsurgical populations. Disparities in outcomes for children undergoing surgery at different centers have recently fueled a debate about regionalization of pediatric surgical care to centers with higher volumes and better outcomes. 30 However, previous studies have exclusively used the risk-adjusted inpatient mortality rate to assess outcomes in broad hospital-based populations of children after surgery; none have incorporated patient-reported outcomes such as pain and health-related quality of life (HRQOL).
Health-related quality of life is a widely reported patient-centered outcome and an important marker of recovery for children after hospitalization. Baseline HRQOL in hospitalized children has been shown to predict clinical outcomes (eg, length of stay [LOS] ), and changes in HRQOL from baseline to follow-up predict important cost-associated outcomes such as unplanned readmission. 7 HRQOL assessed at hospital admission and at follow-up may therefore serve as a marker of risk for poor postsurgical outcomes. Long-term followup in specific pediatric surgical populations shows that some surgeries are associated with improved HRQOL in the long-term (eg, pectus surgery, scoliosis surgery), 9, 13 and others are associated with impaired HRQOL (eg, heart surgery, transplant surgery). 1, 8, 19 However, these outcomes have not been examined in broad pediatric postsurgical populations or in the early postsurgical recovery period. The initial weeks after hospital discharge represent a critical period of recovery from surgery. Multiple clinical and behavioral factors affect recovery during this period. For example, delayed return of physical function in this period can contribute to complications in multiple organ systems. 16 Poorly controlled postsurgical pain is common, 11, 22 and is central in the stress response after surgery, contributing to delayed recovery and postoperative morbidity. 16 Children's sleep is disrupted after surgery and anesthesia, 15 which may also affect postsurgical recovery. 4, 24 The interplay of clinical and behavioral factors could potentially have significant implications on recovery for children after surgery. Health outcome data are lacking during this crucial period and predictors of poor outcomes have not been identified. Identifying children who are recovering poorly during the weeks after surgery may allow for early intervention to improve long-term outcomes. 27 The aims of this study were therefore to 1) measure HRQOL and pain in a large, heterogeneous pediatric inpatient surgical population from presurgery baseline to 1-month follow-up at home, and 2) examine predictors of clinically significant changes in HRQOL in these children over the first month after surgery. We aimed to examine a large heterogeneous cohort of children to maximize the generalizability of our findings to the large population of children undergoing surgery in the United States. We hypothesized that a sizeable proportion of children would demonstrate significant deterioration in HRQOL 1 month after hospital discharge from surgery and that a subset of children would experience continued postsurgical pain. Furthermore, we hypothesized based on previous literature that demographic and clinical characteristics including age, sex, race/ ethnicity, and presence of moderate-severe pain at 1 month would predict significant deterioration in HRQOL at 1 month, adjusting for baseline pain, medical complexity, and hospital LOS.
Methods

Study Design
The study was approved by the Institutional Review Board and used the infrastructure of the Outcomes Assessment Program (OAP) at Seattle Children's Hospital (SCH). This program collects data on patient HRQOL and family experiences with health care from all eligible consenting families with a child admitted to the hospital.
The OAP was established in 2009 and is funded by the Continuous Performance Improvement Department at SCH, as a collaboration with quality improvement investigators at the SCH Research Institute. The objective is to use research to enhance the quality of care delivered. The OAP infrastructure encompasses routine recruitment, consent, enrollment, and data collection in patients and families treated at SCH. Data are used to track performance on hospital goals, evaluate effectiveness of clinical pathways, and conduct quality improvement projects, and are used by the research institute to perform comparative effectiveness research. For the purposes of this postsurgical study, we added questions about pain to the ongoing data collection.
Participants
Parents of 915 children admitted at SCH over a 20-month period from January 2012 to August 2013 participated in the study.
Inclusion Criteria
Parents of children age 2 to 18 years, admitted to a surgery service, and fluent in English or Spanish were eligible for the study.
Exclusion Criteria
Potential participants were excluded if their child had developmental delay, had a previous hospital admission within the preceding 2 months, had a safety alert entered in the medical record by social services, or were in strict protective isolation.
Procedures
Potential participants were approached within the first 72 hours of hospital admission by a trained OAP research assistant. Parents of children admitted and discharged from the hospital within the same weekend were not approached. During the study period, 58% of parents with children admitted to the surgery units were approached and screened for eligibility. Sixty-nine percent of eligible parents agreed to participate, giving their verbal consent.
Baseline Assessment
After consent, parents completed the survey measures on a notebook computer provided by the research assistant. Parents provided sociodemographic information and reported on the child's preadmission HRQOL and pain characteristics.
Follow-Up Assessment
Participants were contacted by e-mail and phone 1 month after hospital discharge, with instructions to complete follow-up measures via a secure website or by telephone interview. Parents reported on their child's HRQOL and pain characteristics. Follow-up data were obtained from the parents of 563 participants (62%). Clinical data were collected from the medical records by trained research assistants.
Measures
The questionnaires were available in English and Spanish.
Sociodemographic Characteristics
Participants completed a questionnaire assessing the children's age, sex, race/ethnicity, and parental education level.
Health-Related Quality of Life
Participants reported on HRQOL using age appropriate versions of the 23-item Pediatric Quality of Life Inventory 4.0 Generic Core Scales (PedsQL). 34 The PedsQL is the only measure of HRQOL that has been validated in the inpatient setting for children. The PedsQL assesses physical, emotional, social, and school functioning with response options on a Likert-type scale from 0 = never a problem to 4 = almost always a problem. Items are reverse scored and transformed to a range of 0 to 100. These are summed and divided by the number of items answered, to yield a total score, physical health subscale, and psychosocial health subscale, with higher scores indicating better HRQOL. 34 Parent proxy reports on the PedsQL have shown excellent agreement with child self-reports for total score, physical health, and psychosocial health subscales (intraclass correlations $.81).
36
Preliminary construct validity and responsiveness to improvement after hospitalization have recently been demonstrated in pediatric inpatients. 7 Varni et al 35 described a 4.5 point change on the PedsQL (parent proxy report) from baseline to follow-up assessment as a minimal clinically important difference in HRQOL, based on 1 standard error of measurement with repeated measurement in a population sample. This value has been confirmed in subsequent research. 12 
Pain Characteristics
Parents provided proxy reports of their children's pain intensity, pain frequency, and the perceived reason for pain. Pain intensity was rated using an 11-point numeric rating scale (NRS), 0 = no pain, 10 = worst possible pain. Pain frequency was assessed using a Likert-type scale with 5 response options from ''not at all'' to ''every day.'' NRSs are a valid and reliable assessment tool and are recommended for assessment of pain intensity for acute postsurgical pain. 21 Parent proxy reporting of child pain has been used in multiple settings when child selfreports cannot be readily obtained; moderate relationships have been found for child-parent reports in the acute postsurgical period 17, 20 and for pain at home. 3 
Clinical Characteristics
Data on surgery service (surgical category 28, 29 ), LOS, and hospital readmission were collected from the electronic medical records. Readmissions were defined as inpatient and emergency room admissions occurring within 30 days of hospital discharge. Unplanned readmissions were coded using the method developed by Berry et al. 2 
Medical Complexity
Children were categorized into 3 levels of medical complexity according to the Pediatric Medical Complexity Algorithm (PMCA) using hospital discharge data: without chronic disease, noncomplex chronic disease, and complex chronic disease. PMCA has been shown to identify complex disease from hospital discharge data with good sensitivity and good to excellent specificity. 31 
Statistical Analyses
Data were collected and automatically transmitted to a secure web-based server for analysis and reporting via DAT-STAT (www.datstat.com). The c 2 test and the t-test were conducted to determine whether there were differences in demographic (age category, gender, race/ethnicity) and clinical characteristics (surgery category, PMCA, baseline pain intensity, LOS) between participants who completed the 1-month follow-up and those who did not. We applied logistic regression models to examine potential associations between demographic and clinical characteristics with change in HRQOL. For the outcome, we used a binary indicator for clinically significant change in HRQOL defined by either 1) a 4.5 point or greater decrease (clinically significant deterioration) in PedsQL scores from baseline to follow-up, 35 or 2) no change or a positive change in PedsQL scores. Separate analyses were conducted for total, physical health, and psychosocial health scores. Age category, sex, race/ ethnicity, presence of moderate-severe pain at followup, and PMCA were entered as categorical variables. Age category corresponded to the age ranges for the PedsQL generic core scales: toddler (2-4 years), child (5-12 years), or adolescent (13-18 years). We defined moderate-severe pain based on previous literature as a pain score $4 on the NRS. 32 Baseline pain and LOS were entered into the model as continuous variables. The results of the logistic regressions were reported as the odds ratio (OR), standard error, z score, and 95% confidence interval (CI).
Results
Sociodemographic and Clinical Characteristics
The average age of the children was 9.6 years (SD = 4.7), 50% were male, 56% were white non-Hispanic, and 19% were Hispanic. Forty-nine percent did not have a chronic disease, and 51% had a chronic disease. The children underwent the following types of surgery: general, orthopedic, otolaryngologic, neurosurgery, plastic, cardiac, urologic, and oral. Children were admitted for an average of 2.7 days (SD = 2.8). LOS was <3 days for 626 children (68%) and $3 days for 289 children (32%). The sociodemographic and clinical characteristics are summarized in Table 1 . No significant differences in the sociodemographic or surgical variables were found between children who completed the follow-up and those who did not (P > .05 for each variable).
Change in HRQOL and Pain From Presurgery Baseline to the 1-Month Follow-Up
Pain and HRQOL scores are summarized by surgical category in Table 2 . Comparison of HRQOL scores from the presurgery baseline to the 1-month follow-up indicated that the HRQOL scores of 77% of the children demonstrated recovery to or improvement above baseline levels at 1 month, and 23% had clinically significant deterioration in HRQOL scores from baseline to 1 month ($ 4.5 point deterioration on the PedsQL). Physical health scores declined in 34%, and psychosocial health scores declined in 19%.
At 1 month, 8% of children had moderate-severe pain (pain intensity $4, 0-10 NRS) and 13% had pain occurring 4 or more days a week. Comparison of pain scores from the presurgery baseline to the 1-month follow-up indicated that 88% of children demonstrated recovery to or improvement from baseline levels of pain and 12% demonstrated worsening of pain intensity from baseline. Twenty-two percent of children were reported to have more frequent pain at 1 month compared with baseline.
Predictors of Change in HRQOL From Baseline to 1-Month Follow-Up
The results of the logistic regression analyses examining demographic and clinical factors (age, sex, race/ ethnicity, and presence of moderate-severe pain at 1 month) associated with clinically significant deterioration in HRQOL from baseline to 1 month follow-up, adjusting for baseline pain, medical complexity, and hospital LOS, are summarized in Table 3 . Greater child age (OR = 2.1, 95% CI = 1.1-4.1, for age 13-18 vs 2-4 years) and presence of moderate-severe pain at 1 month after surgery (OR = 5.7, 95% CI = 2.8-11.6) were significantly associated with deterioration in total HRQOL score from baseline to the 1-month follow-up.
Logistic regression analyses examining the characteristics associated with clinically significant deterioration in psychosocial health and physical health are presented in Table 3 . Moderate-severe pain at follow-up was associated with deterioration in both physical health (OR = 3.5, 95% CI = 1.7-7.1) and psychosocial health (OR = 4.2, 95% CI = 2.0-8.5) scores.
Discussion
To our knowledge, this is the first study to examine pain and HRQOL outcomes in the short-term recovery period at home in a broad population of children undergoing a wide range of inpatient surgeries. On average, children had similar HRQOL and improved pain intensity at 1-month after discharge, compared with baseline. However, as hypothesized, a sizeable proportion of children, 23%, had a clinically significant deterioration in HRQOL from baseline to the 1-month follow-up, suggesting that recovery from surgery is associated with worsening HRQOL for some children. Factors associated with significant deterioration in total HRQOL included greater child age and the presence of moderate-severe pain at the 1-month follow-up. Moderate-severe pain was associated with significant deterioration in both physical and psychosocial health. The strengths of our study include the use of the PedsQL to prospectively measure HRQOL in a large sample of children admitted to a broad range of surgical services at baseline, as well as at home 1 month after hospital discharge. Preliminary validation of the PedsQL in the inpatient setting was recently performed in children, making it the only measure of HRQOL examined to date in this setting for children. 7 Measurement of broad health outcomes is essential when assessing pediatric surgical populations and should be considered in future research. Evaluation of inpatient health services from the patient and family perspective 7 is also critical when comparing outcomes of surgical care, for example, by surgical center volumes, as in recent studies surrounding the debate of regionalization of pediatric surgical care. Examining change in HRQOL relative to baseline values takes into account the baseline difference in health status between samples, making such comparisons possible. Given the impact of pain on HRQOL in our sample, pain may be an additional factor to consider when evaluating and comparing institutions with regard to surgical care for children.
The impact of pain on HRQOL after surgery has not previously been examined in children recovering from surgery at home. Our findings demonstrated that pain affected both physical and psychosocial health, adjusting for medical complexity and LOS. Unfortunately, little progress has been made over several decades in reducing children's pain after inpatient surgery with most children experiencing moderate-severe pain in the early postoperative period. 5, 11, 33 Our findings highlight the importance of refocusing efforts to better address pediatric postsurgical pain. Importantly, short-term outcomes after surgery may affect longterm outcomes in pediatric surgical populations. For example, postsurgical pain, sleep disturbance, and immobilization may have deleterious effects on multiple organ systems in the acute postsurgical period, with significant potential implications for continued recovery. 16, 26 Studies are needed to examine longer-term health outcomes and with inclusion of additional clinical and behavioral factors that may predict outcomes in broad pediatric postsurgical populations. Furthermore, in the light of recent studies showing that some groups of children may continue to have pain problems for months to years after surgery, 10, 18, 23, 37 studies examining the impact of pain on these children's recovery over longer-term follow-up are critically needed.
By identifying children at risk for poorer recovery in advance of surgery, closer follow-up after discharge in children at greater risk could be considered to monitor recovery and intervene if necessary. We found that greater child age was associated with poorer recovery of HRQOL after admission for surgery. In addition, children of Hispanic ethnicity had greater odds of deterioration in HRQOL after admission for surgery, however this was not statistically significant. Hispanic ethnicity has been shown to correlate with poorer postsurgical pain treatment in children, 14 which may have contributed to poorer recovery of HRQOL.
The results of this study should be interpreted in the light of several limitations. Our study was conducted at a single regional pediatric hospital and the results may be less generalizable to other settings. In addition, some families were not approached for participation in the study, which may have introduced selection bias. Not all eligible families agreed to participate and it is possible that families of children who were having more postoperative problems may have been less likely to respond.
There were several limitations to our measurement approach, which may be addressed by future research. Although using our institutional OAP to collect the data was a strength of the study, enabling us to obtain data across a broad inpatient pediatric surgical population, we were limited to the timeframe of the established assessments (admission and 1-month follow-up) as well as in what data could be collected and exclusively by parent report. Further detail regarding the actual surgical procedures would have aided in the interpretation of the results, and made subgroup analyses of procedure types possible. Parents were asked to report on baseline status after they were admitted to the hospital, which may have introduced recall bias. A further limitation of our measurement approach was reliance on only the PedsQL to assess physical health. Activity restrictions related to surgery may have affected follow-up HRQOL in some children. Further research may incorporate additional measures of function to differentiate these aspects. We were also limited to using parent reports of pain and HRQOL exclusively. Although parent proxy reporting of HRQOL is an accepted approach and allowed us to obtain a broad sample across a wide age range, future studies need to include child self-reports of HRQOL to understand the child's unique perspective on their health and well-being. Similarly, pain assessment would ideally be obtained by child self-reports as parent reports have been shown to underestimate pain intensity in previous research. 3 Future studies in this context should incorporate child reports, examine parent-child concordance, and examine comprehensive health and pain outcomes over longer-term follow-up.
In summary, we found that, on average, HRQOL returns to baseline by 1 month after hospital discharge from pediatric surgery. However, some children have a significant deterioration in HRQOL at the 1-month follow-up. Demographic and clinical factors that influenced recovery of HRQOL in the weeks after surgery included age and moderate-severe pain present 1 month after hospital discharge. Evaluation of inpatient health services from the patient and family perspective is essential when assessing pediatric surgical populations and evaluating outcomes of surgical care. Future research is needed to measure long-term health outcomes in broad pediatric postsurgical populations, and to identify risk factors for poor long-term outcomes.
